Aim: TPN729MA is a novel selective PDE5 inhibitor currently under clinical development in China for the treatment of erectile dysfunction. In this study we characterized its preclinical pharmacokinetics (PK) and predict its human PK using a physiologically based pharmacokinetic (PBPK) model. Methods: The preclinical PK of TPN729MA was studied in rats and dogs. Human clearance (CL) values for TPN729MA were predicted from various allometric methods and from intrinsic CL determined in human liver microsomes. Human PK and plasma concentration versus time profiles of TPN729MA were predicted by using a PBPK model in GastroPlus. Considering the uncertainties in the prediction, a preliminary human study was conducted in 3 healthy male volunteers with an oral dose of 25 mg. Results: After a single intravenous administration of TPN729MA at a dose of 1 mg/kg in rats and 3 mg/kg in dogs, the plasma CL was 69.7 mL·min −1 ·kg −1 in rats and 26.3 mL·min −1 ·kg −1 in dogs, and the steady-state volumes of distribution (V ss ) were 7.35 L/kg in rats and 6.48 L/kg in dogs. The oral bioavailability of TPN729MA was 10% in rats and above 34% in dogs. Profiles of predicted plasma concentration versus time were similar to those observed in humans at 25 mg, and the predicted T max , C max and AUC values were within 2-fold of the observed values. Conclusion: TPN729MA demonstrates good preclinical PK. This compound is a valuable candidate for further clinical development. This study shows the benefits of using a PBPK model to predict PK in humans.
Introduction
Erectile dysfunction (ED) is a widespread condition that has a markedly negative impact on quality of life. This condition is strongly associated with age, and the prevalence rate of ED in men aged >40 years in China is 40%-70% [1, 2] . The physiological mechanism for achieving erection is mediated via a nitric oxide (NO)-cyclic guanosine monophosphate (cGMP) pathway [3] . The degradation of the phosphodiester bond in cGMP in arterial wall smooth muscle cells can be inhibited by phosphodiesterase type 5 (PDE5) inhibitors. PDE5 inhibitors enhance erectile function by maintaining sufficient cellular levels of cGMP in both the corpus cavernosum and the vessels supplying it, and the increasing extension of the corporeal sinusoids allows greater blood flow [4] [5] [6] . Sildenafil was the first oral PDE5 inhibitor for the treatment of ED and was approved by the US FDA in 1998. Since then, new PDE5 inhibitors such as tadalafil, vardenafil, and avanafil have been approved worldwide, and two agents (udenafil and mirodenafil) are approved only in Korea for the treatment of ED [7, 8] . TPN729MA (1-methyl-5-[2-propoxy-5-[N-methyl-N-[2-(pyrrolidin-1-yl)ethyl]] aminosulfonyl]phenyl-3-propyl-1,6-dihydro-7H-pyrazolo [4,3-d] pyrimidin-7-one) ( Figure  1 ), developed by Topharman (Shanghai, China), is a novel, selective PDE5 inhibitor that is currently under clinical development in China for the treatment of ED. This compound is a potent inhibitor of human PDE5 and has a high selectivity for PDE5 compared with other known phosphodiesterases. The median inhibitory concentration (IC 50 ) of TPN729MA for PDE5 is 2.28 nmol/L, which is similar to that of tadalafil (2.35 npg nmol/L) and lower than that of sildenafil (5.22 nmol/L) [9] . In addition, TPN729MA significantly increases the maximum intracavernous pressure (ICP) and the ratio of ICP to blood pressure compared with vehicle in rat and dog models of erection [9] . In this article, the preclinical pharmacokinetic (PK) properties of TPN729MA were investigated after oral and intravenous administration in rats and dogs. The in vitro PK characteristics of TPN729MA, including Caco-2 cell permeability, plasma protein binding, blood partitioning, and hepatic microsomal metabolic stability, were also evaluated. Based on the preclinical data obtained from in vitro and in vivo systems, simulations of animal and human PK profiles for TPN729MA were performed via physiologically based pharmacokinetic (PBPK) modeling. The human PK profiles of TPN729MA were predicted to assess the likelihood that its clinical PK would support its further development as a potential therapeutic agent.
Materials and methods
Chemicals and reagents TPN729MA (maleic acid salt, chemical purity >99%) was synthesized by Topharman (Shanghai, China). Sildenafil citrate was provided by Krka (Novo Mesto, Slovenia). Highperformance liquid chromatography (HPLC)-grade methanol and acetonitrile were purchased from Sigma Aldrich (St Louis, MO, USA). HPLC-grade ammonium acetate and formic acid were purchased from Tedia (Fairfield, OH, USA). HPLCgrade water was obtained using a Milli-Q gradient water purification system (Millipore, Billerica, MA, USA).
Plasma protein binding
The extent of protein binding by TPN729MA was determined by equilibrium dialysis at two concentrations (0.2 and 2 µmol/L) in pooled Sprague-Dawley rat, beagle dog, and human plasma. TPN729MA was prepared in methanol as a stock solution and then diluted with blank plasma to achieve the test concentrations. Equilibrium dialysis was performed with a 96-well device (HTDialysis, Gales Ferry, CT, USA), in which dialysis membranes (MWCO 12-14 kDa) were incorporated after being soaked in deionized water for 60 min before use. Plasma samples (150 µL) were dialyzed against an equal volume of PBS for 16 h at 37 °C. After incubation, samples of plasma and buffer were removed and stored at −20 °C until analysis. Samples were matrix matched with blank reagents before analysis; for example, 50 µL of PBS was added to 50 µL of a plasma sample, and vice versa. Chromatographic separation was performed on an Acquity UPLC system with a BEH C 18 column (50 mm×2.1 mm, 1.7 μm; Waters Corp, Wexford, Ireland). The column oven was set at 30 °C. The mobile phase consisted of 5 mmol/L ammonium acetate solution with 0.1% formic acid (A) and 0.1% formic acid in acetonitrile (B). A gradient elution was used with a flow rate of 0.5 mL/min. The gradient elution was 70% A, a 1.5 min linear gradient from 70% A to 10% A for 0.8 min, and an increase to 70% A for 0.5 min to re-equilibrate the column. The mass spectrometer was operated in positive ion mode with the capillary and cone voltages set at 3 kV and 10 V, respectively. The desolvation (nitrogen) gas flow rate was 1000 L/h. The desolvation temperature was 500 °C. The dwell time for each transition was 60 ms. The optimized multiple reaction monitoring (MRM) fragmentation transitions for this mode were m/z 517 → m/z 325 for TPN729MA, with a collision energy set at 30 eV. The unbound fraction (fu) of TPN729MA in plasma was calculated by dividing the concentration in the buffer by the concentration in the plasma.
Blood partitioning
The blood/plasma concentration ratio (R bp ) of TPN729MA was determined by incubating the compound with fresh whole blood from Sprague-Dawley rats, beagle dogs, and humans. TPN729MA was added to whole blood (final concentration 1 µmol/L), and the spiked whole blood was incubated at 37 °C for 1 h. After incubation, 50 µL aliquots of the spiked whole blood were removed, and the remaining blood was centrifuged at 2000×g for 10 min, after which 50 µL aliquots of plasma were removed. All of the incubations were performed in triplicate. The concentrations of TPN729MA in blood and plasma were determined by liquid chromatography-tandem mass spectrometry (LC-MS/MS) method as described above. R bp was calculated by dividing the concentration in blood by the concentration in plasma after incubation.
Caco-2 cell permeability
Human colon carcinoma (Caco-2) cells, which were purchased from the American Type Culture Collection (Manassas, VA, USA), were maintained in Dulbecco's modified Eagle's medium. Caco-2 cells were cultured for 21 d in an incubator at 37 °C in a 5% CO 2 and 90% relative humidity environment. Cell layers with a transepithelial electrical resistance value of >300 Ω·cm 2 were used. Before the assay, the monolayers were gently washed three times with warm Hank's Balanced Salt Solution (HBSS; pH 7.4, 37 °C). For TPN729MA (2 µmol/L) in HBSS containing 10 mmol/L HEPES, 0.1% BSA was added to the apical side to assess permeability in the A→B direction and in the basolateral side to assess permeability in the B→A direction. The apical side and the basolateral side were maintained at pH 6.8 and 7.4, respectively. After incubation at 37 °C for 2 h, samples were collected from both the donor and receiver sides. All incubations were performed in duplicate. The concentration of TPN729MA was measured by the LC-MS/MS method described above. The apparent perme- ), where C protein is the protein concentration during the incubation, and t 1/2 was determined by the slope (k) of the log-linear regression analysis of the concentration versus time profiles; thus, t 1/2 =ln2/k. The CL int, in vitro values were scaled to the in vivo values for rats, dogs, and humans by using physiologically based scaling factors, hepatic microsomal protein concentrations (47, 58, and 32 mg protein/g liver) [10] , and liver weights (36.6, 32.9, and 25.7 g/kg body weight) [10] . The equation CL int =CL int, in vitro ×(mg protein/g liver weight)×(g liver weight/kg body weight) was used. The in vivo hepatic clearance (CL H ) was then calculated by using CL int and hepatic blood flow, Q (70, 40, and 20 mL·min −1 ·kg −1 in rats, dogs, and humans, respectively) [11] , in the well-stirred liver model disregarding all binding [12] from CL H =(Q×CL int )/(Q+CL int ). The hepatic extraction ratio was calculated as CL H divided by Q.
Animal PK studies All of the animals were supplied by standard vendors in China with certificates of laboratory animal production. The animals were acclimatized at a temperature of 20 to 26 °C and relative humidity of 40%-70% under natural light/dark conditions for 2 weeks and had free access to food and water. Protocols for the care and handling of animals were in accordance with the procedures approved by the Animal Care and Use Committee of the Shanghai Institute of Materia Medica (Shanghai, China). Rats and dogs were fasted overnight and fed 2 h post dose with free access to water. TPN729MA was dissolved in saline for both intravenous and oral administration.
Male and female Sprague-Dawley rats ( Male beagle dogs (9-12 months old, 7-9 kg) were administered a single intravenous (n=3) or oral dose (n=6) of 3 or 9 mg/kg TPN729MA. Blood samples (approximately 1 mL) were collected in heparin-coated tubes pre dose (0), and 5, 10, and 30 min, 1, 2, 4, 6, 8, 12, and 24 h post dose for intravenous dosing, and pre dose (0), and 15, and 30 min, 1, 1.5, 2, 4, 6, 8, 12, and 24 h post dose for oral administration. Plasma was prepared by centrifugation at 2000×g, and the samples were then stored at −20 °C before analysis.
TPN729MA analysis in rat and dog plasma samples
The plasma concentration of TPN729MA was determined by protein precipitation and HPLC with mass spectrometric detection.
The plasma samples were prepared by protein precipitation. An internal standard (IS) solution (40 µL, 50.0 ng/mL sildenafil) and 50% aqueous methanol (40 µL) were added, followed by methanol (200 µL), to 40 µL of rat or dog plasma. The mixture was vortexed for 1 min and centrifuged at 11 000×g for 5 min. The supernatant was removed and evaporated to dryness under a flow of nitrogen at 40 °C. The residues were reconstituted in the mobile phase (100 µL), and the mixture (20 μL) was injected into the HPLC-MS/MS system for analysis.
An Agilent 1200 HPLC system equipped with a degasser, binary pump, autosampler, and thermostat-controlled column compartment (Agilent, Santa Clara, CA, USA) was used. Chromatographic separation was performed on a Zorbax SB C 18 column (150 mm×4. 
Non-compartmental PK analysis
The plasma concentration data of TPN729MA were analyzed by non-compartmental analysis with WinNonlin software v5.3 (Pharsight Corporation, Mountain View, CA, USA). The maximal plasma concentration (C max ) and the time at which the maximum concentration was reached (T max ) after oral administration were obtained directly from the observed data. The area under the plasma-concentration-versus-time curve from 0 to t (AUC 0-t ) was calculated using the linear trapezoidal method and then extrapolated to infinity (AUC 0-∞ ) according to the formula AUC 0-∞ =AUC 0-t +C last /λ z , where C last is the plasma concentration at the last measurable time point, and the terminal phase slope (λ z ) values were determined by loglinear regression on at least three of the latest sampling time points from the plasma-concentration-versus-time curves. The elimination half-life (T 1/2 ) was determined as T 1/2 =ln2/λ z . After intravenous administration, the systemic plasma clearance (CL) was calculated as CL=Dose/AUC 0-∞ , and the steady-state volume of distribution (V ss ) was calculated as V ss =CL×MRT. The absolute oral bioavailability (F) was calculated as F=(Dose iv /Dose po )×(AUC po /AUC iv )×100%.
Prediction of plasma-concentration-versus-time profiles using the GastroPlus PBPK model The GastroPlus (version 8.6; Simulations Plus, Inc, Lancaster, CA, USA) PBPK model was used for all intravenous and oral simulations in preclinical species and humans. The model has been described in detail previously [13] . Briefly, the PBPK model was composed of 14 compartments corresponding to the different tissues of the body, which were connected by the venous and arterial blood circulation. Physiological parameter values for tissue volume and blood flow were set within the software for the species of interest. The drug distribution between tissue and blood was assumed to be perfusion rate limited. The liver and kidney were considered to be the only sites of elimination.
Tissue-to-plasma partition coefficients (K p values) were estimated using tissue composition-based methods. Two published mechanistic methods (method 1, based on Poulin and Theil [14] with the correction by Berezhkovskiy [15] ; method 2, based on Rodgers et al [16, 17] ) are available in GastroPlus for the prediction of K p values using physicochemical and in vitro data such as logP and fu. The principles and assumptions of the methods have been discussed in the literature [14] [15] [16] [17] . In addition to the species-specific physiological parameters, the observed or predicted compound-specific CL was required as an input to the model. For PBPK modeling in rats and dogs, the observed in vivo CL plasma values obtained from a single intravenous administration of TPN729MA were used. For humans, CL values were predicted from two types of conceptually different methods, including one in vitro-in vivo extrapolation (IVIVE) method (in vitro), as described above, and four allometric methods (in vivo).
Prediction of CL from single-species allometric scaling (SSS rat or SSS dog ) The PK profiles in rats and dogs were used to predict human CL using the equation [11] CL u, human =CL u, animal ×(BW human /BW animal ) 0.75 , where CL u is the unbound plasma CL (mL/min) and BW is body weight (kg), which was assumed to be 0.22 for rats, 8.4
for dogs (mean BW of the animals used in the study), and 70 for humans.
Prediction of CL using the fraction unbound intercept correction method (FCIM) The equation CL human =33.35 mL/min(α/R fu ) 0.77 was used [18] , where the allometric coefficient (α) is obtained from the intercept of the simple allometry log-log plot between rats and dogs, and R fu is the ratio of fu in rat and human plasma.
Prediction of CL using the two-species scaling method (TS) with rat-dog-human proportionality for the bound drug (TS rat-dog ) The equation CL human =α (rat-dog) ×BW human 0.628 was used [19] , where the allometric coefficient (α) was obtained from the intercept of the simple allometric log-log plot and a fixed value of 0.628 was used as the allometric exponent.
To predict the rate and extent of the oral absorption of TPN729MA, the Advanced Compartmental Absorption Transit (ACAT) model [20] was used. The ACAT model is based on the Compartmental Absorption Transit model described by Yu and Amidon [21] . The main input parameters for the simulation were molecular weight, pKa, logP, solubility, Caco-2 permeability, R bp , fu, and CL values in rats, dogs, and humans (Table 1) . A preliminary human PK study was conducted with an oral dose of 25 mg TPN729MA to 3 healthy Chinese male volunteers. All subjects gave written informed consent for participation in the clinical trials. The simulated plasmaconcentration-versus-time curves and the predicted PK parameters were compared with the observed human data to evaluate the accuracy of prediction.
Results

Plasma protein binding and blood/plasma ratios
The non-specific binding was negligible, and no compound instability issues were found in this study. Protein binding of TPN729MA is independent of concentration in the range of 0.2 and 2 µmol/L for all species. Therefore, a single value of fu was used for each species based on the overall mean of the data at different concentration levels. The fu of TPN729MA in rat, dog, and human plasma was 15.8%, 14%, and 10%, respectively. The mean R bp of TPN729MA in rats, dogs, and humans was 1.38, 1.14, and 1.06, respectively.
Caco-2 cell permeability TPN729MA exhibited an A→B permeability of 7.06×10 −6 cm/s and a B→A permeability of 19.9×10 −6 cm/s, yielding an efflux ratio of 2.82. TPN729MA displayed moderate-to-high permeability in the Caco-2 cell permeability assay.
In vitro metabolism by liver microsomes
The in vitro liver microsomal metabolism of TPN729MA in various species, as measured by the disappearance of TPN729MA, is summarized in Table 2 
Animal PK
The PK parameters of TPN729MA calculated from its concentrations in rat and dog plasma are presented in Table 3 . The plasma-concentration-versus-time profiles of TPN729MA are shown in Figure 2 .
After a single intravenous administration of TPN729MA at a dose of 1 mg/kg in rats and 3 mg/kg in dogs, the total plasma clearance (CL p ) was 69.7 and 26.3 mL·min
, respectively. Based on the in vitro R bp value (1.38 and 1.14) for each species, the blood clearance (CL b ) was estimated to be 50.5 and 23.1 mL·min −1 ·kg −1 in rats and dogs, respectively. The hepatic extraction ratio (CL b /Q H ) in rats and dogs was 72.1% and 57.8%, respectively, indicating that TPN729MA displayed moderate-to-high clearance in preclinical animals. The steadystate volume of distribution was estimated to be 7.35 and 6.48 L/kg in rats and dogs, respectively, demonstrating extensive distribution into tissues (>9 times the total body water). After a single oral administration of TPN729MA at 1, 3, and 10 mg/kg in rats, TPN729MA was absorbed with C max values of 3.58, 10.7, and 44.3 ng/mL at 0.67-1 h post dose. The AUC values at 1, 3, and 10 mg/kg were 20.5, 56.1, and 207 ng·h/mL, respectively. The increases in C max and AUC were roughly dose proportional. The estimated oral T 1/2 was 3.55-6.73 h. The oral absolute bioavailability was estimated to be 10% in rats. After a single oral administration of TPN729MA at 3 and 9 mg/kg in dogs, the C max of TPN729MA was reached at 1.4 h post dose. The AUC values were 525 and 2763 ng·h/mL for the 3 and 9 mg/kg doses, respectively. The increases in the C max and AUC were greater than dose proportional. The estimated oral T 1/2 was 3.6 h. The oral absolute bioavailability was estimated to be 34.5% and 59.4% in dogs for the 3 and 9 mg/kg doses, respectively.
PBPK modeling and human PK prediction
In this study, the PBPK model was initially optimized and validated in rats and dogs by using the obtained preclinical data. The V ss values of TPN729MA predicted by using differ- Blood CL calculated from measured plasma CL and R bp . Table 3 . Pharmacokinetic parameters of TPN729MA in rats and dogs after intravenous bolus and oral administration. Data are presented as the arithmetic mean±standard deviation except for T max as median (range). (Figure 3) . The oral plasma-concentration-versus-time profiles were also well simulated with the in vitro solubility data entered into GastroPlus (Figure 3) . The predicted AUC values for TPN729MA in rats and dogs were 1.4-and 1.6-fold of the observed, respectively. Based on these results, the same V ss prediction method was chosen for the human PBPK simulation. The predicted human CL p was 12.3 mL·min −1 ·kg −1 using the in vitro CL int determined in human liver microsomes. The human CL p was predicted to be 10.3, 11.1, 6.42, and 9.53 mL·min −1 ·kg −1 according to the SSS rat , SSS dog , FCIM, and TS rat-dog methods, respectively. No obvious differences (within 1.3-fold) in the human CL were predicted with the different prediction methods, except for FCIM. It is unclear which value provided a closer estimate of human CL prior to the first in human clinical PK study. These CL estimates were combined with the PBPK model to predict human PK profiles of TPN729MA. The proposed effective dose of TPN729MA in humans (70 kg) extrapolated from the rat efficacious dose of 2.5 mg/kg [9] based on body surface area correlation was approximately 25 mg. The human PK of TPN729MA following an oral dose of 25 mg was simulated. The predicted and observed human PK parameters and plasma concentration versus time profiles after oral administration are shown in Figure 4 and Table 5 . Overall PBPK modeling reasonably matched the plasma concentration-time profiles of TPN729MA in humans. The predicted PK parameters (T max , C max , AUC and T 1/2 ) using CL values from the TS rat-dog , SSS rat , and SSS dog methods were within 2-fold of the observed values. The plasma exposures of TPN729MA (AUC) were generally overpredicted using CL from FCIM (2-fold) and underpredicted using CL from HLM (1.9-fold).
Species Dosing route Dose
T max C max AUC 0-∞ t 1/2 CL V ss F mg/kg (h) (ng/mL) (ng·h/mL) (h) (mL·min −1 ·kg −1 ) (L/kg)(%)
Discussion
TPN729MA is a novel, selective PDE5 inhibitor that is currently under clinical development for the treatment of ED. TPN729MA is a highly soluble (30 mg/mL in water) and moderately lipophilic weak base. The moderate-to-high perme- With respect to hepatic blood flow, TPN729MA displays moderate-to-high clearance in preclinical animals. Systemic plasma CL in rats and dogs was converted to blood CL by using the measured blood/plasma ratio for each species. The CL in rats (72% of hepatic blood flow) was higher than that in dogs (58% of hepatic blood flow). The lower exposure in rats after oral administration is consistent with the higher CL observed after intravenous administration. There was an excellent correlation between the predicted and observed CL values (1.02-fold for rats and 1.31-fold for dogs) when the rate of in vitro liver microsome turnover was used to predict the in vivo CL in rats and dogs with physiologically based scaling factors. Based on this correlation and the fact that systemic CL was not underestimated in rats and dogs, the major route of clearance in preclinical animals is likely to be via hepatic metabolism. A mass balance study of TPN729MA after oral administration to rats showed that the elimination of the parent drug through urine and bile was negligible (<1% of the dose, data not shown), thus confirming the liver metabolic Several reports have described the utility of the PBPK method for the prediction of human pharmacokinetics [22] [23] [24] [25] [26] [27] . Commercially available PBPK software, including GastroPlus (http://www.simulations-plus.com), Simcyp (http://www. simcyp.com), and PK-sim (http://www.systems-biology. com/products/pksim.html), are increasingly being used for the retrospective or prospective prediction of human PK in the pharmaceutical industry [28] [29] [30] [31] [32] [33] . To simulate human PK and plasma-concentration-versus-time profiles using PBPK models, it is necessary to estimate the CL and distribution of a compound. In addition, an important component of any oral PK simulation is the predicted rate and extent of absorption [22] . Here, the human PK of TPN729MA following oral administration to humans was predicted by using available preclinical and in vitro data before it was administered in a human clinical study. The overall PBPK model was initially validated in rats and dogs, and it reasonably matched the rat and dog intravenous and oral plasma-concentration-versus-time profiles of TPN729MA. The predicted AUC values for TPN729MA after oral administration were within 1.6-fold of the observed values. According to the literature [31, 34] , less than a twofold error was considered to be an accurate prediction using PBPK modeling.
In this article, the human CL of TPN729MA was predicted by using different methods, including IVIVE, SSS, and two of the most accurate prediction methods recommended by the PhMRA CPCC initiative [10] , FCIM and TS rat-dog . A previous retrospective analysis [11] of CL prediction methods has suggested that if CL is principally metabolized by CYP450, then human liver microsome scaling is as predictive of oral CL as SSS, based on rat, dog, and monkey data. In the present study, the in vitro CL (12.3 mL·min ) predicted from human liver microsomes is consistent with the CL values predicted from SSS rat (10.3 mL·min −1 ·kg −1 ) and SSS dog (11.1 mL·min −1 ·kg −1 ). Based on all of the available information, TPN729MA was assumed to be predominantly cleared by hepatic metabolism in humans. The CL of TPN729MA was 32% to 62% of liver blood flow in humans, based on the low CL (6.42 mL·min -1 ·kg -1 ) to the high CL (12.3 mL·min -1 ·kg -1 ), respectively. Due to the uncertainties in the prediction of the human PK profile of TPN729MA, a preliminary human study was conducted with an oral dose of 25 mg to allow an accurate estimate of PK in healthy male volunteers. In combination with the in vitro data, the ACTA model in GastroPlus software predicted that the C max of TPN729MA was 1.0-to 2.2-fold of the observed value following oral administration of 25 mg. The predicted AUC was 1.0-to 2.0-fold of the observed value. In general, it is very difficult to know prospectively which prediction method works best for a new compound. In this study, the TS rat-dog method provided the most accurate PK prediction (1.0-fold for AUC and 1.5-fold for C max ) in humans. The SSS rat and SSS dog methods provided similar prediction accuracies. The prediction accuracies with FCIM and IVIVE were worse than those with TS rat-dog , SSS rat and SSS dog .
Overall, the preclinical PK profiles of TPN729MA in rats and dogs were characterized by rapid absorption, moderateto-high CL, high distribution, and low-to-moderate bioavailability. Human CL was predicted by using multiple in vitro and in vivo prediction methods. The human PK and plasmaconcentration-versus-time profiles of TPN729MA were predicted using a PBPK model. A limitation of the present study was the relatively small clinical sample size. In future clinical development, this PBPK model could be refined to incorporate additional information o=n drug disposition from available clinical studies. Successful prediction of human PK profiles may result in decreased compound attrition during drug development and reduce the costs and time associated with failed clinical trials. The PBPK model could be extended to predict a wide dose range to facilitate the design of clinical studies and dose escalation procedures, as well as to explore food effects and possible drug-drug interactions.
